12 BACKGROUND AND OBJECTIVE: The aim of this study was to explore the effectiveness of arch support functional insoles 13 to prevent metatarsalgia.
Introduction

28
Metatarsalgia is a frequent complaint in the general population [1] . Metatarsalgia is related to acquired 29 foot deformities which include hallux valgus, deformities in the metatarsophalangeal joints, rheumatoid 30 arthritis and the associated disruption of the plantar fat pad [2] . These common forefoot deformities clinical practice, medial arch support is often prescribed by the podiatrist to manage the pronated foot, 48 and beneficial changes in ankle kinematics [10] and foot pain [11] have been observed. The arch support 49 insole adds an arch support to redistribute the foot pressure. Although the use of support material is 50 low-cost, it is difficult to keep the support under the foot in the correct position as slippage has been 51 noted when the foot moves. Therefore, the insoles used in this study were fixed to the arch support on 52 the insoles to ensure that they were in the correct position. 53 Brodtkorb et al. noted that due to the structure of the foot, which included having a rigid lever effect 54 and the special interconnections between the metatarsal and plantar fasciitis, adding a support to the 55 foot may influence more areas [12] . The foot is a multi-joint system, and the addition of the arch may 56 also affect the movement of the other lower limb joints. The aim of this study therefore was to explore 57 the effect of arch support insoles on gait during walking and jogging by analyzing plantar pressure, 58 vertical ground reaction force (GRF) and kinematics data of the lower limb. We hypothesized that the 59 insoles, by adding an arch support, might increase the contact area of the feet and insoles, and enhance 60 the attenuation effect of arch. This would increase the loading-share area and as a result would reduce 61 the load of the forefoot to ease and prevent metatarsal pain. A further aim of the study was to explore if 62 the kinematic data of lower limb would also be influenced. study, for a period of 48 hours, the participants were instructed not to engage in any strenuous exercise.
74
All participants volunteered to take part in the study and written informed consent was obtained. The 
Protocol
77
The Novel Pedar-X System (Germany) was selected in this study to collect the plantar pressure of the 78 right lower limb. The system's data collection frequency was set at 100 Hz to acquire the data while 79 wearing normal insoles, and when wearing arch support functional insoles during walking and jogging.
80
In addition, an eight camera Vicon three dimensional infrared motion capture system (Oxford Metrics
81
Ltd., Oxford, UK) with the frequency of 200 Hz was used to collect the kinematics data of lower limb.
82
The AMTI force plate (Advanced Mechanical Technology Inc., Watertown, USA) was set at a frequency 83 of 1000 Hz and was used to record the GRF.
84
All participants were asked to wear the arch support functional insoles and normal insoles to walk and 85 jog for a total of 8 times on a 15 m long straight trial. According to the product description, all subjects 86 were calibrated for using the sensor in a way that would reduce the error caused by sensor damage. To 87 reduce the impact of speed, subjects were also asked to walk and jog in their most natural way with According to the function of the insoles and the anatomical structure of the foot, the foot was divided 
Data analysis 95
All statistical results of each trail were analyzed using SPSS19.0 (SPSS Inc., Chicago, IL, USA). under WF condition compared to WN (Fig. 3a) . The contact areas of OT, FM, SATM and LMF were also (Fig. 3b) . The time-pressure integral of BT, OT, FM and SATM under the WF condition indicated 110 lower values and no significant difference found in the other area compared to WN (Fig. 3c) .
111
During jogging, the peak pressure of BT, FM, SATM, FAFM and HF under RF condition were lower 112 than RN but the peak pressure of OT was larger (Fig. 3a) . The contact areas of OT, FM, MMF and LMF
113
under RF condition were larger than RN (Fig. 3b) . The time-pressure integrals of BT, OT, FM, SATM
114
and RF under RF condition were larger than RN (Fig. 3c) . were lower than WN. In the front plane, the peak knee varus angle of WF was lower than that of WN.
122
In the transverse plane, the knee external rotation angle of RF at the initial contact was larger than that 123 of WN. The peak knee external rotation angle of WF was lower than that of WN.
124
During jogging, in the sagittal plane, compared to RN, the ankle dorsiflexion angle of RF during initial 125 contact was greater along with the knee and hip flexion angle of RF during initial contact was larger. The peak ankle plantarflexion angle of RF was larger than RN. The peak hip extension angle of RF was 127 greater than that of RN. In the front plane, the knee valgus angle and hip abduction angle of NF at initial 128 contact was lower than that of RN. Compared with RN, the peak knee varus angle of RF was lower.
129
The peak hip adduction angle of RF was lower than RN. In the transverse plane, compared with RN, 
GRF
134
The participants' vertical ground reaction forces (GRF) were normalized by body weight (BW). The
135
GRF of WF and WN showed no significant difference. RN had an impact peak in the gait cycle of the 136 stance phase, while the curve of RF was always on the rise without the peak value (the rectangular area 137 in Fig. 5 ). In addition, the vertical load growth rate of RN in the initial contact phase was greater than 138 that of RF (P < 0.05). 
149
In this study, wearing the arch support functional insoles obviously increased the OT, FM, and LMF 150 regions' contact area whenever walking and jogging. However, under normal conditions, the arch areas
151
were relatively higher than other areas, so there were less contact areas in this region.
152
The patients with metatarsal pain have lower pain pressure threshold, thus they needed lower peak 
